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of HarmonicityA recent study suggests that musical consonance is based on harmonicity,
a preference that reflects the central role of harmonicity in auditory perception.Christopher J. Plack
Musical notes can be played in
a sequence to produce melodies, or
they can be presented together to
produce chords. Certain combinations
of notes are consonant (sounding
pleasant or resolved) while other
combinations are dissonant (sounding
unpleasant or unresolved). The
perceptual distinction is exploited by
composers to evoke feelings of tension
and resolution. Explanations of
consonance in terms of the physical
characteristics of the sounds, and their
physiological and psychological
effects, have been debated for
hundreds of years without a clear
consensus [1]. In a new article,
McDermott et al. [2] provide compelling
evidence that consonance is based on
how well the combined frequency
components match a single harmonic
series.
Harmonicity and Beating
A single note produced by a musical
instrument is a complex tone,
consisting of a series of harmonic
frequency components. The frequency
of each harmonic is an integer multiple
of the fundamental frequency of
vibration. For example, the A string on
a guitar has a fundamental frequency of110 Hz, and harmonic components with
frequencies of 110 Hz, 220 Hz, 330 Hz,
440 Hz, 550 Hz and so on. When two
or more such notes are presented
simultaneously, the harmonics are
combined. For certain musical intervals
the combination can be described as
a simple harmonic series with a single
fundamental frequency (Figure 1A).
These combinations have a pleasant
(consonant) sound. For some ratios,
however, the harmonics do not
match well. For example, a tritone
(the notorious ‘‘Diabolus in Musica’’)
corresponds to a ratio of 64:45. For this
combination, the harmonics do not
form a single series (Figure 1B). Such
combinations evoke an unpleasant
(dissonant) sound. Hence, our
preference for consonance over
dissonance may be related to the
resemblance of the combination to
a single harmonic series [3,4].
Acoustic vibrations are transduced
into neural impulses in the cochlea.
Running along the length of the
cochlear spiral is the basilar
membrane. Different places on the
basilar membrane are tuned to different
frequencies, and in this way the ear
separates out the different frequency
components of sounds. This allows us
to identify sounds on the basis of their
spectra, and to segregate sounds fromdifferent sources. However, the
frequency resolution is not perfect, and
sounds with similar frequencies will
produce patterns of excitation that
overlap (Figure 1B). Two closely
spaced frequency components interact
on the basilar membrane to produce
a ‘beating’ pattern, characterized
by amplitude fluctuations at a rate
equal to the frequency difference
between the components. This leads
to the unpleasant sensation of
‘roughness’. Because dissonant
chords often contain harmonics that
are closely spaced, it has been
suggested that dissonance is related
to the degree of beating between the
harmonics [5].
The Basis of Consonance
Distinguishing between these two
hypotheses is difficult, because
inharmonic series tend to produce
beats, and combinations of notes that
produce beats tend to be inharmonic.
The ingenious approach of McDermott
et al. [2] was to use individual
differences in preference ratings
for beats and harmonicity using
non-musical sounds to determine
which factor correlates with the
preference for consonance. The
authors found that the measure of
beating preference did not correlate
well with the preference ratings for
consonant and dissonant musical
chords. In other words, individuals who
found beating particularly unpleasant
did not show an unusual dislike of
dissonant intervals. In contrast, the
measures of preference for harmonicity
correlated well with the consonance
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Figure 1. Consonant and dissonant chords and their representations in the cochlea.
(A) The spectra of two combinations of tones, in intervals of a fifth and a tritone. The harmonics
from the lower tone are shown by blue lines, and from the higher tone by dashed red lines. The
dashed black line shows the fundamental frequency of the combined harmonics in the case of
the fifth interval. In this case, all the harmonics are integer multiples of this frequency. (B) A
highly schematic illustration of the representation of the chords on the basilar membrane
(BM) as a function of distance from the apex of the cochlear spiral. When the chord is disso-
nant, the representations of closely spaced harmonics overlap on the basilar membrane,
resulting in a beating pattern of vibration (illustrated in box).
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Figure 2. The change in the pitch of
a complex tone produced by mistuning the
fourth harmonic.
The graph shows the shift in perceived pitch
as a function of the percentage shift in the
frequency of the harmonic [11]. For small
shifts, the pitch of the complex is affected.
For large shifts, the harmonic is perceptually
segregated from the complex tone and no
longer contributes to its pitch. A schematic
spectrum for the stimulus with a (positively)
shifted fourth harmonic (red) is shown above
the graph (the arrow indicates the usual
frequency of the fourth harmonic).
Dispatch
R477preference. These results suggest that
our preference for consonance is
driven by our preference for harmonic
series. McDermott et al. [2] additionally
found that preference for harmonicity
and for consonance were both
correlated with musical experience.
This emphasizes the role of prior
experience in determining our
preference for these acoustic features,
although the results do not rule out an
innate component.
A possible explanation for why
consonance is not linked to beating
preference is that beating is unreliable
as a cue. The salience of beats will
vary greatly depending on the
amplitudes, and relative amplitudes, of
the interacting harmonics in the chord.
The pattern of harmonic amplitudes is
different for different instruments,
helping to determine their distinct
timbres. Hence, the salience of
beating for a given musical interval will
vary depending on which instrument
or instruments are combined in the
chord. Harmonicity does not depend
on this, and so provides a more
general basis for consonance
preference.The Importance of Harmonicity
There are good ecological reasons why
harmonicity should have a special role
in auditory perception. Many natural
sounds are produced by objects that
vibrate periodically, producing
complex tones with a series of
harmonics. The auditory system
combines the information from the
individual harmonics to identify the
fundamental frequencies of sounds
such as these, giving rise to the
sensation of pitch [6]. Low-numbered
harmonics are the most important for
pitch. A small perturbation in the
frequency of just one of these
harmonics can produce a change in the
pitch that is heard (Figure 2). Some
models of pitch perception suggest
that the auditory system contains the
equivalent of a harmonic template, that
derives pitch by finding the best match
of the frequency components of the
sound to a known harmonic series [7,8].
Other models are based on the
autocorrelation of synchronized neural
firing patterns [9]. These models
depend on harmonicity to give
consistent time intervals between
action potentials.Harmonicity is also one of the most
important cues for sound segregation
[10]. In most environments several
sound sources are present, yet the
auditory system can separate out the
sounds from different sources from the
complex, and seemingly irreducible,
mixture of waveforms that enter the ear
canal. Frequency components that are
harmonically related are likely to come
from the same sound source. Since
the basilar membrane can separate out
the different frequency components of
these sounds, the auditory system can
group together those components that
come from the same harmonic series.
In this way, two tones with different
fundamental frequencies — for
example, speech sounds from a male
and female speaker — can be
separated out by the ear. The auditory
system uses the natural property of
harmonicity as a heuristic for sound
segregation.
A neat illustration of this is the effect
of mistuning, or frequency shifting,
a single harmonic in a complex tone
(Figure 2). For small mistunings, the
pitch of the whole complex is shifted.
For mistunings greater than about 8%,
the auditory system determines that
the harmonic does not come from the
same sound source because it is not
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R478part of the same harmonic series. The
shifted harmonic is perceptually
segregated from the rest of the
complex and has little effect on
the overall pitch [11].
So although preference for
harmonicity may be dependent on
musical experience, the use of
harmonicity in auditory processing is
probably not dependent on this
specific experience. Instead its use is
driven by the adaptation of the auditory
system to the acoustic properties of
objects in the environment. The
preference for consonance reflects the
central role of harmonicity in auditory
perception, both for the identification
of sounds and for the segregation of
sounds from different sound sources.References
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Affect Empathic Neural Responses?How does race affect the human ability to share and respond to the suffering of
others? Recent evidence provides novel insight into how and why race alters
empathic neural response.Figure 1. To understand the experience of
racial discrimination, Griffin, a white native
from Texas, artificially darkened his skin.Joan Y. Chiao and Vani A. Mathur
In 1959, John Howard Griffin ingested
anti-vitiligo drugs which transformed
the color of his skin from white to black,
and then travelled through the racially
segregated South for the first time from
the perspective of a Black man
(Figure 1). In his memoir ‘Black Like
Me’, Griffin would later remark, ‘‘I had
no idea what they [Blacks] have to go
through. I literally bawled myself to
sleep some nights. I learned that when
it is night, when it is dark, then the
Negro feels safest. Langston Hughes’s
line, ‘Night coming tenderly/ Black like
me’, has real meaning’’.
How and why does race affect our
ability to understand and share the
suffering of others? Race is a potent
modulator of neural responses
underlying social behavior [1,2]. Prior
neuroimaging research has
demonstrated that racial majority
group members, such as Whites (in the
US), show greater fusiform and
parahippocampal response when
perceiving own-race faces [3], and
either heightened [4] or attenuated [5,6]
amygdala response to other-race
faces, depending on social contextand presence of unconscious racial
bias [7–9]. By contrast, members of
racial minority groups, such as Blacks,
typically demonstrate greater fusiform
[3] as well as amygdala activation to
own-race faces [4], suggesting that
intergroup status moderates the
direction and magnitude of neural
responses to ingroup and outgroup
members [3–6].
Most recently, studies of race and
social brain functioning have focused
on the neural basis of intergroup
empathy [10–12]: in particular, a study
reported in this issue ofCurrent Biology
[10] using transmagnetic stimulation
(TMS) reveals for the first time greater
empathic sensorimotor contagion
when observing the physical suffering
of subjects of the same race, but not
those of other races.
Multiple Routes to Empathy
Empathy is the capacity to understand
and share the emotional states of
others and serves as a key motivator
and the proximate mechanism of
altruistic behavior, whereby an
individual perceives and shares in the
distress of another person, and acts to
reduce his or her suffering [13].Convergent evidence suggests the
existence of multiple routes to our
ability to understand and share the pain
of another, including sensorimotor
contagion, affect sharing and cognitive
perspective-taking or appraisal [14].
During sensorimotor contagion,
seeing a painful sensorimotor
experience in another person, such as
a needle penetrating another’s hand,
elicits an isomorphic sensorimotor
experience in the observer — for
example, muscle-specific freeze within
the same region of the observer’s hand
[15]. By contrast, during affect sharing,
seeing the emotional pain of another
person, such as a painful facial
expression, elicits a shared affective
experience, while during cognitive
perspective-taking, the capacity to
